Two experiments were conducted to determine the effects of dietary supplementation of exogenous enzymes on growth performance, apparent total tract digestibility (ATTD) of energy and nutrients, blood metabolites, fecal VFA, and fecal ammonia-N in growing pigs (Sus scrofa) fed a corn (Zea mays L.)-and soybean [Glycine max (L.) Merr.] meal (SBM)-based diet. In Exp. 1, 240 growing barrows (initial BW: 55.6 ± 0.9 kg) were randomly allotted to 5 treatments on the basis of BW. There were 4 replicates in each treatment with 12 pigs per replicate. The 5 treatments consisted of a corn-SBM-based control diet and 4 additional diets were similar to the control diet, with the exception that 0.05% β-mannanase (M), α-amylase + β-mannanase (AM), β-mannanase + protease (MPr), or α-amylase + β-mannanase + protease (AMP) was added to the diets, which were fed for 28 d. Pigs fed the AM, MPr, or AMP diet had greater (P < 0.05) ADG than pigs fed the control diet. Pigs fed the AMP diet also had greater (P < 0.05) ADG than pigs fed the M, AM, or MPr diet. Pigs fed the AMP diet had greater (P < 0.05) G:F than pigs fed the control diet. The G:F of the pigs fed the M, AM, or MPr diet were not different (P > 0.05) from the G:F in pigs fed the AMP or control diet. The ADFI, ATTD of nutrients, blood metabolites, and fecal VFA and ammonia-N concentrations were not different among treatments. In Exp. 2, 192 growing barrows (initial BW: 56.9 ± 1.0 kg) were allotted to 4 treatments. There were 4 replicates in each treatment with 12 pigs per replicate. Pigs were fed a corn-SBM-based diet (CSD) or a complex diet (CD) that contained corn, SBM, 3% rapeseed (Brassica napus L.) meal, 3% copra (Cocos nucifera L.) meal, and 3% palm (Elaeis guineensis Jacq.) kernel meal. Each diet was prepared without exogenous enzymes or with 0.05% AMP and all diets were fed for 28 d. The ADG and G:F of pigs fed the CSD were greater (P < 0.05) than pigs fed the CD. However, the type of diet had no effect on the ATTD of nutrients, blood metabolites, or fecal VFA and ammonia-N, and there was no diet × enzyme interaction for any of the measured variables. Supplementation of diets with exogenous enzymes resulted in greater (P < 0.05) ADG, G:F, ATTD of DM, GE, and CP, and blood urea nitrogen (BUN) concentration. These results indicate that supplementation of 0.05% of AMP enzymes to a corn-SBM diet or a complex diet may improve the performance of growing pigs.
INTRODUCTION
Supplementation of diets with exogenous enzymes to stimulate nutrient digestion and minimize or eliminate the negative effect of non-starch polysaccharides (NSP) and antinutritional factors has attracted considerable interest within the modern pig industry. Earlier studies on adding exogenous enzymes to pig diets mainly focused on diets containing wheat (Triticum aestivum L.), barley (Hordeum vulgare L.), rice (Oryza sativa L.), and rye (Secale cereale L.), which are rich in fi ber and NSP (Li et al., 1996a; Diebold et al., 2005) , with less research on corn-soybean meal (SBM)-based diets (Shim et al., 2003; Ji et al., 2008) . There is a potential for improving nutrient digestibility by growing pigs by supplementing corn-SBM based diets with exogenous enzymes. A combination of different enzymes may be required for complete degradation of the substrates in corn and SBM (Kim et al., 2003; Ji et al., 2008; Li et al., 2010) .
Rapeseed meal, copra meal, and palm kernel meal have recently received great attention because of their relatively comparable nutritional value and low price as compared with corn and SBM (O'Doherty and McKeon, 2000; Fang et al., 2007) . However, increased concentrations of NSP such as mannans and arabinoxylans in rapeseed meal, copra meal, and palm kernel meal have restricted their use in swine diets (Sundu and Dingle, 2003) . It is possible that this problem can be reduced by supplementation of diets with exogenous enzymes (Shim et al., 2003) . The objectives of the present experiments were to evaluate the effects of dietary supplementation of exogenous enzymes on growth performance, apparent total tract digestibility of nutrients (ATTD), blood metabolites, and fecal VFA and ammonia-N in growing pigs fed a corn-SBM diet or a complex diet based on corn, SBM, rapeseed meal, copra meal, and palm kernel meal.
MATERIALS AND METHODS
The protocol for 2 experiments was approved by the Institutional Animal Care and Use Committee of Kangwon National University, Chuncheon, Republic of Korea.
These experiments were conducted at the facility of Kangwon National University farm, and growing barrows (Landrace × Yorkshire × Duroc) were housed in partially slatted and concrete fl oor pens with a pen size of 2.8 × 5.0 m. All pens were equipped with a self-feeder and a nipple drinker to allow ad libitum access to feed and water. The exogenous enzymes were obtained from a commercial feed company (CTC Bio, Inc., Seoul, Korea). The product with β-mannanase (M) contained 800,000 U of β-mannanase/kg. The product with α-amylase + β-mannanase (AM) contained 75,000 U of α-amylase and 800,000 U of β-mannanase/kg. The product with β-mannanase + protease (MPr) contained 800,000 U of β-mannanase and 100,000 U of protease/kg. The product with α-amylase + β-mannanase + protease (AMP) contained 75,000 U of α-amylase, 800,000 U of β-mannanase, and 100,000 U of protease/kg. One unit of β-mannanase is the amount of enzyme, which liberates 1 μmol of total reducing sugar (glucose equivalence) per minute at pH 4.0 and 30°C. One unit of amylase is the amount of enzyme that liberates 1 μmol of glucosidic linkage from a water insoluble cross-linked starch polymer substrate per minute at pH 6.5 and 37°C. One unit of protease is the amount of enzyme that liberates 1μg of tyrosine per minute at pH 3.0 and 40°C.
Experiment 1
A total of 240 growing barrows (average initial BW: 55.6 ± 0.9 kg) were randomly allotted to 5 treatments on the basis of initial BW. There were 4 replicates in each treatment with 12 pigs per replicate. The 5 treatments consisted of a corn-SBM-based control diet and 4 additional diets that were similar to the control diet, with the exception that 0.05% M, AM, MPr, or AMP was added to the diets. Corn was replaced by exogenous enzymes on an equal percentage basis. Diets were fed in a meal form for 28 d. Nutrients and energy were supplied according to NRC (1998) standards for growing pigs (Table 1) . To evaluate the effect of dietary treatments on the ATTD of nutrients, 0.25% chromic oxide (an inert and indigestible indicator) was added to each diet from d 22 to 28 of the experiment. The analyzed composition of diets fed during the digestibility trial is presented in Table 1 .
Experiment 2
A total of 192 barrows (average initial BW: 56.9 ± 1.0 kg) were randomly alloted to 4 treatments in a 2 × 2 factorial arrangement based on initial BW. There were 4 replicates in each treatment, with 12 pigs per replicate. Two corn-SBM-based diets and 2 complex diets, in which 3% rapeseed meal, 3% copra meal, and 3% palm kernel meal replaced corn and SBM, were formulated. Within each type of diet, 1 diet was fed without exogenous enzymes and 1 diet was fed with the inclusion of 0.05% AMP. Corn was replaced by exogenous enzymes on an equal percentage basis. Diets were fed in a meal form for 28 d. Nutrients and energy were supplied according to NRC (1998) standards for growing pigs (Table 2) . To evaluate the effect of dietary treatments on ATTD of energy and nutrients, 0.25% chromic oxide was included in each diet from d 22 to 28 of the experiment. The analyzed chemical composition of diets fed during the digestibility trial is presented in Table 2 .
Experimental Procedures, Measurements, and Analyses
Pigs were weighed individually, and feed consumption was calculated at the end of each experiment to calculate ADG, ADFI, and G:F. For the analysis of ATTD of nutrients, fecal grab samples were collected from the fl oor of each pen during the last 4 d of each experiment. The fecal samples were pooled within pen and dried in a forced air drying oven at 60°C for 72 h, and ground in a Wiley mill (Thomas Model 4 Wiley Mill, Thomas Scientifi c, Swedesboro, NJ) using a 1-mm screen and used for chemical analysis. On d 28 of each experiment, a 10-mL blood sample was collected by jugular vein puncture from 2 randomly selected pigs in each pen using a disposable vacutainer tube containing sodium heparin as an anticoagulant (Becton Dickinson, Franklin, NJ). After centrifugation (3,000 × g for 15 min at 4°C), plasma samples were separated and stored at −20°C and later analyzed for concentrations of total cholesterol, triglyceride, glucose, blood urea nitrogen (BUN), and total protein. To measure the concentration of VFA and ammonia-N, fecal samples were collected directly from the anus of 1 randomly selected pig in each pen to minimize the air contact. These samples were immediately sealed in vinyl bags and placed on ice.
Experimental diets and excreta samples were analyzed in triplicate for DM (Method 930.15), CP (Method 990.03), ash (Method 942.05), Ca, and P (Method 985.01) using AOAC (2007) methods. Gross energy of diets and feces were measured by a bomb calorimeter (Model 1261, Parr Instrument Co., Moline, IL), and chromium concentration was determined with an automated spectrophotometer (Jasco V-650; Jasco Corp., Tokyo, treatments were Con = control, basal diet without enzymes; M = basal diet supplemented with 0.05% β-mannanase; AM = basal diet supplemented with 0.05% α-amylase + β-mannanase; MPr = basal diet supplemented with 0.05% β-mannanase + protease; and AMP = basal diet supplemented with 0.05% α-amylase + β-mannanase + protease. Japan) according to the procedure of Fenton and Fenton (1979) . Amino acid composition of feed samples was determined by HPLC (Waters 486; Waters Corp., Milford, MA) after acid hydrolysis. Methionine and cystine were determined after oxidation with performic acid (Moore, 1963) . Commercial kits (Fujifi lm Corp., Saitama, Japan) were used for analysis of plasma metabolites using an automated chemistry analyzer (Fuji Dri-chem 3500i; Fujifi lm Corp.). Fecal VFA concentrations were measured by gas chromatography (HP 6890 Plus; Hewlett Packard, Houston, TX) using a modifi ed method by Porter and Murray (2001) , and ammonia-N concentration was analyzed as per Chaney and Marbach (1962) .
Statistical Analyses
In Exp.1, statistical analysis was conducted using the 1-way ANOVA procedure (SAS Inst. Inc., Cary, NC), and when signifi cant differences were identifi ed among treatment means, they were separated using Tukey's Honestly Signifi cant Difference test. In Exp. 2, data were analyzed as a 2 × 2 factorial arrangement of treatments in completely randomized block design. The main effects of diets, exogenous enzymes, and the interaction between diets and enzymes were determined by the GLM procedure of SAS. In both experiments, the pen was used as the experimental unit for the analysis of growth performance, and for energy and nutrient digestibility data. For the analysis of blood metabolites, the mean of 2 pigs from each pen was used as the experimental unit, and 1 randomly selected pig for each pen was used as experimental unit for analysis of fecal metabolites. Probability values of ≤0.05 were considered signifi cant in both experiments.
RESULTS

Growth Performance
In Exp. 1, pigs fed diets supplemented with AM, MPr, or AMP enzymes had greater (P < 0.05) ADG than pigs fed the control diet (Table 3) . Pigs fed the AMP diet also had greater (P < 0.05) ADG than pigs fed the M, AM, or MPr diet. The ADG of pigs fed the M diet were not different from pigs fed the AM, MPr, or control diet. Pigs fed the AMP diet had greater (P < 0.05) G:F than pigs fed the control diet. The G:F of pigs fed the M, AM, or MPr diet were not different from pigs fed the AMP or control diet. The ADFI was not different among treatments. In Exp. 2, pigs fed the CSD diets had greater ADG and G:F (P < 0.05) than pigs fed the CD diets (Table 4) . Pig fed diets supplemented with 0.05% exogenous enzymes had greater ADG and G:F (P < 0.05) than pigs fed non-supplemented diets. However, there was no diet × exogenous enzyme interaction for any of the measured variables. 
Nutrient Digestibility
In Exp. 1, the ATTD of DM, CP, GE, ash, Ca, and P were not different among dietary treatments (Table 3 ). In Exp. 2, supplementation of diets with exogenous enzymes improved (P < 0.05) the ATTD of DM, GE, and CP, whereas no difference was observed for ATTD of any other nutrients (Table 4 ). The type of diets (CSD or CD) had no effect on ATTD of energy and nutrients, and there was no diet × exogenous enzymes interaction.
Blood Metabolites
In Exp. 1, the blood concentration of total cholesterol, triglyceride, glucose, BUN, and total protein were not affected by dietary treatments (Table 5 ). In Exp. 2, increased (P < 0.05) concentration of BUN was observed for pigs fed diets supplemented with exogenous enzymes. However, there were no effects of diet on any plasma variables and no diet × exogenous enzyme interactions were observed (Table 6) .
Fecal VFA and ammonia-N
In Exp. 1, concentrations of fecal VFA and ammonia-N were not different among dietary treatments (Table 7) . Similarly, in Exp. 2, there were no effects of diets and exogenous enzyme supplementation on fecal VFA and ammonia-N concentration, and no interactions between diet × exogenous enzymes were observed (Table 8) . 2 AMP = exogenous enzymes containing α-amylase, β-mannanase, and protease.
3 CSD = corn-and soybean meal-based diet; CD = complex diet that contained corn, soybean meal, 3% rapeseed meal, 3% copra meal, and 3% palm kernel meal.
4 D × E = diet × enzyme interaction. 2 Dietary treatments were: Con = control, corn-and soybean meal-based diet without enzymes; M = basal diet supplemented with 0.05% β-mannanase; AM = basal diet supplemented with 0.05% α-amylase + β-mannanase; MPr = basal diet supplemented with 0.05% β-mannanase + protease; and AMP = basal diet supplemented with 0.05% α-amylase + β-mannanase + protease.
DISCUSSION
Corn contains 10% NSP, which is mainly arabinoxylan and β-galactomannan, and SBM contains 22.7% NSP such as α-galactosides and β-galactomannan (CVB, 1998). These NSP are not digested by pigs because they lack enzymes targeting α-1,6-galactosyl bonds and β-1, 4-mannosyl bonds (Veum and Odle, 2001) . Benefi cial effects of addition of amylase (Ritz et al., 1995) , proteinase (McNab et al., 1996) , or mannanase (Yoon et al., 2010) to diets fed to pigs and poultry have been reported.
The improved performance in growing pigs fed diets supplemented with exogenous enzymes observed in Exp. 1 is in good agreement with data reported by Omogbenigun et al. (2004) , who observed improvement in ADG of pigs fed diets supplemented with exogenous enzymes. Similarly, it was reported that pigs fed a corn-SBM-based diet supplemented with an enzyme blend had 9% increased G:F compared with pigs fed a non-supplemented diet (Kim et al. 2003) . Baidoo et al. (1997) reported an improvement in feed effi ciency of growing pigs fed a barley-based diet supplemented with an enzyme mixture containing β-glucanase, xylanase, amylase, and pectinase. In some of the previous studies, no effects of supplementation with exogenous enzymes on growth performance were observed (Mellange et al., 1992; Offi cer, 1995) . This variation in results might be due to variation in composition of diets, types of enzymes used, and the mode of action of exogenous enzymes in the gastrointestinal tract. In the present study, improved growth performance of pigs fed the AMP diets may be due to synergistic effects of amylase, mannanase, and protease. Results for Exp. 2 are consistent with Kim et al. (2003) who also reported improved growth performance for pigs fed diets supplemented with exogenous enzymes compared with pigs fed no enzymes. The lack of an effect on ADFI of supplementing diets with exogenous 2 AMP = Exogenous enzymes containing α-amylase, β-mannanase, and protease.
3 CSD = corn-and soybean meal-based diet, CD = complex diet that contained corn, soybean meal, 3% rapeseed meal, 3% copra meal, and 3% palm kernel meal. 4 D × E = diets × enzyme interaction. 2 Dietary treatments were Con = control, corn-and soybean meal-based diet without enzymes; M = basal diet supplemented with 0.05% β-mannanase; AM = basal diet supplemented with 0.05% α-amylase + β-mannanase; MPr = basal diet supplemented with 0.05% β-mannanase + protease; and AMP = basal diet supplemented with 0.05% α-amylase + β-mannanase + protease. enzymes is in agreement with previous experiments (Offi cer, 1995; Omogbenigun et al., 2004) . Li et al. (1996b) reported that there is no effect on ATTD of nutrients of supplementing a corn-SMB-based diet with beta-glucanase. In contrast to the report by Li et al. (1996b) and the present results, Ji et al. (2008) reported an increase in DM, CP, and energy digestibility in growing pigs fed a diet supplemented with a β-glucanase-protease enzyme blend. Increased digestibility of DM, GE, and CP were also reported by supplementation of amylase, protease, and xylanase to a corn-SBM-based diet fed to growing pigs (Li et al., 2010) . The improvements in the ATTD of nutrients in pigs fed the diet supplemented with the exogenous enzymes that were observed in Exp. 2 may be a result of greater NSP concentration in the CD diet than the CSD diet. Results of several experiments have indicated that responses to NSP degrading enzymes are greater if they are included in diets with a greater concentration of fi ber than in diets with decreased concentration of fi ber (Li et al., 1996a; Omogbenigun et al., 2004; Diebold et al., 2005) .
Contrary to results of the present experiment, Wang et al. (2009) reported that there is no effect of exogenous enzymes on BUN in growing-fi nishing pigs, but mannanase addition to pig diets may increase the concentration of plasma glucose (Yoon et al., 2010) . However, a reduction in the concentration of blood cholesterol, triglyceride, and total lipids in broilers fed diets supplemented with exogenous enzymes has been also reported (Onilude and Oso, 1999) . This variation in results might be due to variation among experiments in diet composition or enzyme supplementation.
Ammonia nitrogen and VFA in the manure from pigs are sources of pollution in pig production and may affect performance of pigs (Pitcairn et al., 2002) . When dietary NSP is increased, more substrate enters the large intestine for microbial fermentation and promotes bacterial activity, which may result in reduction in N excretion in the urine and a reduction in ammonia production (Leek et al., 2007) . Contrary to the results of the present experiments, O'Connell et al. (2005) reported a reduced proportion of acetic acid and an increased proportion of propionic acid in fi nisher pigs fed diets supplemented with exogenous enzymes (glucanase and xylanase) compared with pigs fed diets that were not supplemented with exogenous enzymes. However, ammonia emissions from the manure of pigs are affected by the type of cereal that is used and the source of exogenous enzymes (Leek et al., 2007) . O 'Connell et al. (2005) used wheat and barley as the cereal sources, whereas corn was used in the present experiments, which may explain the differences in the results between the experiments.
In conclusion, results obtained in the present study indicated that supplementation of 0.05% of AMP exogenous enzymes have potential to improve the performance of growing pigs. In addition, rape seed meal, copra meal, and palm kernel meal may partially replace corn and SBM without reducing pig growth performance if exogenous enzymes are added to the diet.
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